Following the introduction of organochlorine compounds as pesticides during World War II, DDT was widely used to combat agricultural pests and indoor insects. Currently, DDT use is banned in developed countries due to its effects on wildlife and suspected effects on humans. Organochlorine pesticides have been shown to affect the central nervous system (1); other chronic effects recently reported include an increased risk of breast cancer (2) (3) (4) (5) , leukemias (6, 7) , pancreatic cancer (8, 9) , and reproductive outcomes (10) (11) (12) (13) .
Because of their low manufacturing cost, great chemical stability, effectiveness, and ease of application, organochlorine compounds are still used in developing countries. In Mexico, DDT has been systematically used in sanitation campaigns against malaria since 1960, and recently, there has been a discussion of the public health impact of this practice (14) . A few reports of DDT and its metabolites in foods, breast milk, and adipose tissue samples indicate high exposure of the general Mexican population (15) (16) (17) (18) .
In the state of Veracruz, along the Gulf of Mexico, malaria and dengue are endemic, and 375 workers are employed to control vectors of these diseases. They spray houses and surrounding areas with DDT, malathion, and granulated and liquid temephos and fenthion. Case reports from the health service in charge of these workers [Instituto de Seguridad y Servicios Sociales para los Trabajadores del Estado; (ISSSTE)] indicate that during the last decade at least four workers have been incapacitated due to central nervous system sequelae, mainly problems of fine movements, behavior changes, and memory changes. These health effects have been attributed to organochlorine and organophosphorus pesticide exposure, although such exposure has never been quantified in this population.
Adipose tissue biopsy has been used in epidemiological studies to assess chronic exposure in cancer morbidity and mortality studies. This is a logical choice because DDT is accumulated in adipose tissue due to its lipid solubiltity and metabolic characteristics. The half-life of DDT in human adipose tissue is approximately 7 years (19) . Its main metabolite is p,p'-DDE, which results from enzymatic dechlorination. DDT metabolism also includes a series of reduction-oxidation reactions and dechlorinations that produce dichlorodiphenyldichloroethane (DDD) and dideoxyadenosine (DDA), which have higher water solubilities and are more rapidly removed by excretion.
The aim of this study was to measure concentration of DDT metabolites in adipose tissue samples to assess chronic exposure in workers who control malaria vectors and to estimate indirectly historical occupational exposures through a questionnaire, which could be used in future epidemiological studies of the effects of chronic exposures.
Methods
To assess the occupational history of DDT exposure in malaria workers in the state of Veracruz, all 375 malaria control workers were invited to participate in the study. Most workers were willing to participate because they had not had a previous exposure assessment and were concerned about possible high exposures. The union (Sindicato Nacional de la Secretaria de Salud, Section Veracruz) and local health authorities contacted all workers and provided them with information about the surgical procedure. Informed written consent was obtained from 371 The analysis of adipose tissue samples was carried out in accordance with the method described by Waliszewski (20) . The fat sample was ground with anhydrous sodium sulfate to form a coarse powder. The sample was transferred to to a chromatographic column (1 cm internal diameter and 50 cm in length), and the organochlorine pesticides were extracted with 150 ml of petroleum ether. The eluate was concentrated in a rotary evaporator to approximately 30 ml. The fat content was determined gravimetrically. The concentrated extract containing a maximum of 500 mg fat was transferred into a 10-ml tube with a glass stopper. Concentrated sulfuric acid (1 ml) was added and the tube was tighdy capped and vigorously shaken for 30 sec. The contents were left to phase separation, and then the supernatant was dried by passing it through a 3-5 g layer of sodium sulfate, which was then washed with petroleum ether. The ether extract was rotary evaporated to a small volume and the concentrated extract was transferred to a 1 -ml volumetric tube. The volume was adjusted with petroleum ether to 1 ml. Finally, 1 pl concentrated extract was used for gas chromatography analysis.
For gas chromatography analysis, a Varian 3300 gas chromatograph (Varian, Chicago, IL) equipped with 63Ni electron capture and 4400 Integrator was used. For pesticide separation, a glass borosilicate column was used, 200 cm x 2 mm (internal diameter, packed with 1.5% SP-2250 + 1.95% SP-2401 on 100/120 mesh Supercoport. Operating conditions induded nitrogen carrier gas at 20 in/min, temperature detector at 300°C, column at 200°C, injector at 250°C; and 1 pl injection volume.
To determine the quality of the method, the recovery study was performed on 10 overspiked replicates of blank cow fat samples, which present low contamination levels below the detection limits of 0.02-0.04 mg/kg. The fortification study done at 0.05-0.10 mg/kg levels, depending on the pesticide, showed mean values from 94 to 97% of recovery, with the standard deviation and coefficient ofvariation from 5 to 6 indicating excellent repeatability ofthe method.
The following reagents were purchased from J. where ti = time spent working in i position (expressed in months); pi = exposure intensity weighting for i position (0-10); and n = number ofpositions worked during occupational history.
A specialist of the malaria control program evaluated the intensity of exposure to DDT by using a quasi-quantitative scale (0-10) based on job tasks (Table 1 reported using equipment for spatial spraying of malathion, and 30% of workers used personal protective equipment for DDT application. It is noteworthy that 70% of the workers who reported the use of protective equipment used face masks, and only 19% report using a face mask with filters.
Eighty-one percent of workers reported eating during the day in a local house, and 42% reported eating occasionally in the field from a packed lunch.
Upon finishing their work activities, 57% reported changing clothes, 60% reported bathing, and 91% reported washing hands before eating. Sixty-six percent of workers reported staying in the field between 1 and 15 days. Seventy-seven percent reported drinking alcohol, while 80% had smoked cigarettes once, and only 25% smoked habitually. Eighty-six percent of workers questioned knew their body weight; 46% reported having gained some weight during the last 5 years and 37% had lost some weight.
The mean value for INDEXPO was 1,792 (SD = 340), with minimum and maximum values of 156 and 3,525, respectively.
The following results correspond only to the concentrations of DDT and metabolites The geometric mean of p,p'-DDE tended to be higher for the following workers: those not generally using personal protective equipment (gloves, eye protection, respiratory protection), those eating in the field, alcohol consumers, smokers, those spending several days in the workplace, and those who had gained weight. However, the differences were not statistically significant at p<0.05 (see Table 3 ).
The final multivariate models for p,p'-DDT and p,p'-DDE are presented in Tables 4 and 5 The investigation of protective equipment was more a reflection of recent practice and not necessarily its use during the entire working history; however, it was possible to show that workers reporting the use of personal protection equipment to apply DDT (e.g., gloves, masks, and goggles), had lower pp'-DDE and pp'-DDT concentrations. Also, workers reporting spending several days in the field after DDT application showed higher levels of p,p'-DDE, which may reflect indirect exposure after application.
The finding that changes in body weight, which reflect changes in fat metabolism, are related to the concentration of p,p'-DDE could have important implications for the epidemiological studies that seek health effects related to DDT exposure. If there are not adequate controls for weight change in emaciating diseases such as cancer, confounded associations with DDT in adipose tissue may be obtained.
It is important that the high concentrations found do not only reflect occupational exposure but also the background exposure of the general population. Body burdens reported for the general population in Veracruz by Waliszewski (18, (22) (23) (24) are 15.65 mg/kg for total DDT and 14.10 mg/kg for pp'-DDE, which could be related to direct exposures due to the sanitary campaigns and also to the consumption of animal products contaminated with DDT (25, 26) . Other authors have found levels 10 times greater in workers occupationally exposed in pesticide manufacturing plants than in the general population (27. The levels we found in this occupationally exposed population were six times those of the general population. This study outlined a new global perspective of occupationally exposed workers who apply DDT. Given the implied high chronic exposures, an epidemiological study of health effects is urgently needed. Among the possible health effects to evaluate are central nervous system effects, tumors, and reproductive effects.
